In this contribution, we will discuss our unquenched quark model results for the spectra of cc and bb states. The spectra are calculated in the unquenched quark model formalism, where the physical mass of a meson is the sum of a bare mass contribution plus a self-energy correction, due to the coupling to the meson-meson continuum. We will also discuss the quark structure of the X(3872). Its open-flavor and radiative decays are calculated in the quark model formalism. In our interpretation, the wave function of the X(3872) is the sum of two contributions, a cc core plus higher Fock components, due to meson-meson continuum components. Our results for the spectra, open-flavor and radiative decays are compared to the existing experimental data.
In this contribution, we will discuss our unquenched quark model results for the spectra of cc and bb states. The spectra are calculated in the unquenched quark model formalism, where the physical mass of a meson is the sum of a bare mass contribution plus a self-energy correction, due to the coupling to the meson-meson continuum. We will also discuss the quark structure of the X(3872). Its open-flavor and radiative decays are calculated in the quark model formalism. In our interpretation, the wave function of the X(3872) is the sum of two contributions, a cc core plus higher Fock components, due to meson-meson continuum components. Our results for the spectra, open-flavor and radiative decays are compared to the existing experimental data. 1 An unquenched quark model for mesons
In the unquenched quark model (UQM) for mesons [1, 2, 3, 4] (see also Refs. [5, 6, 7] ), a meson's wave function,
is the superposition of a zeroth order quark-antiquark configuration plus a sum over the possible higher Fock components, due to the creation ofsea pairs. Above threshold, this coupling to the meson-meson continuum leads to open-flavor strong decays; below threshold, it leads to virtual−components in the meson wave function and a shift of the physical mass of the meson with respect to its bare mass, namely a self-energy correction.
In this contribution, we will mainly focus on the calculation of self-energy corrections, Σ(E a ). They can be computed as [1, 2, 4] 
where E a is a meson's bare mass, which is related by its physical mass by
Of particular interest are also the continuum components [see Eq. (1)]; they are given by [1, 3] 
where one has to sum over meson-meson channels BC, such as DD * , and so on. The probability to find the meson in its core (or qq) component is then
2 Spectroscopy of higher charmonia and bottomonia
In Refs. [2, 4] , the UQM was used to calculate the charmonium and bottomonium spectra with self-energy corrections. The physical masses of cc and bb mesons were calculated as in Eq. (3) and our theoretical results were fitted to the existing experimental data [8] . The bare meson spectra were computed within Godfrey and Isgur's relativized quark model (QM) [9] . Our results are shown in Figs. 1. It is worthwhile noting that the quality of the reproduction of the experimental data is good and, most important, that our predictions deviate from those of QMs in the case of states close to open-flavor decay thresholds, like the X(3872) and χ b (3P ) mesons [2, 3, 4] . Our results were used to discuss the nature of the X(3872) [2, 3] and χ b (3P ) states [3, 4] . In our UQM interpretation, these are quarkonium states plus higher Fock components due to the coupling to the meson-meson continuum. In this contribution, we will focus on the X(3872).
Quark structure of the X(3872)
The X(3872) is characterized by J P C = 1 ++ quantum numbers, a very narrow width (less than 1.2 MeV), and a mass 50 − 100 MeV lower than QM predictions [8, 10, 11] . There are several interpretations for this meson, including: 1) A "pure" cc state * ; 2) A "pure" meson-meson molecule (for example, see Refs. [14, 15, 16] ); 3) A tetraquark state [17] ; 4) A cc core plus higher Fock components, due to the coupling to the meson-meson continuum [2, 3, 18, 19, 20, 21, 22] . See also Ref. [23] .
In the following, we will discuss our results of Refs. [2, 3] . There, we showed that the problem of the mass difference between QM predictions [9, 12, 13] and the experimental data for the X(3872) can be solved thanks to a downward mass shift, * For example, see the calculations of cc mesons' bare spectra of Ref. [9, 12, 13] . [14] , and the experimental data [8] .
due to self-energy (continuum coupling) effects. We will also show that the main decay modes of the X(3872) are quite well reproduced in a "pure" cc description.
The introduction of continuum coupling effects will require a renormalization of our results. This will be the subject of a subsequent paper [24] .
Radiative transitions
Here, we discuss our QM results for the radiative transitions of the X(3872) from Ref. [3] . The E1 radiative transitions were calculated according to [12] 
where e c = 2 3
is the c-quark charge, α the fine structure constant, E (cc) f the total energy of the final cc state, M (cc) i the mass of the initial cc state, E γ the photon energy, ψ f | r |ψ i a radial matrix element, involving the initial and final mesons' radial wave functions, and the angular matrix element C f i is given by
We calculated the matrix elements of Eqs. (6) assuming, for the initial and final states, the wave functions of Godfrey and Isgur's relativized QM [9] . Finally, our results are reported in Table 1 . 
Here, T † is the 3 P 0 model transition operator [1, 2, 3, 4, 26, 27] 
which is compatible with Γ X(3872) < 1.2 MeV [8] .
Conclusion
In this contribution, we discussed the results of an UQM calculation of the charmonium and bottomonium spectra with self-energy corrections [1, 2, 3, 4] . In the UQM [1, 2, 3, 4] , the effects ofsea pairs are introduced explicitly into the QM via a QCDinspired 3 P 0 pair-creation mechanism [26] . Below open-flavor decay thresholds, our UQM results are very similar to those of the relativized QM [9] ; when meson energies approach meson-meson thresholds, QM and UQM results begin to split substantially. In particular, this is the case of the X(3872), whose mass is badly reproduced in QM calculations, while UQM results are closer to the experimental data.
In a second stage, we showed our QM results for the radiative transitions of the X(3872) [2, 3] and the D 0 D 0 * decay. Our results are compatible with the present experimental data [8] . A calculation of quarkonia radiative transitions and openflavor decays in the UQM, including also higher Fock components in mesons wave functions, will be the subject of a subsequent paper.
